Purpose Soil moisture is a key ecohydrological variable in the soil-plant-atmosphere systems; understanding soil moistureplant interactions is at the core of ecohydrology research. Here we review the current state of knowledge regarding soil moistureplant interactions and the ecohydrological effects of soil moisture dynamics. Approaches for investigating soil moisture-plant interactions are also reviewed, with emphasis on their ability to predict plant/ecosystem responses to soil moisture variations under environment change. Results The status and distribution of soil moisture affect ecohydrological processes such as runoff, infiltration and evaporation and plant morphology and function (e.g. transpiration and photosynthetic rate). Plants also affect soil moisture dynamics through its involvement in the water cycle. Soil moisture, evapotranspiration and atmospheric factors (e.g. vapour pressure deficit) are closely linked in transitional soil moisture regimes (ranging from dry to wet soil conditions), the identification of which is critical for quantifying these relationships under different soil moisture conditions. Clarifying the mechanisms of soil moisture-plant interactions can aid in the development of soil moisture models, especially those comprising detailed process representation and feedback. Future perspectives and conclusions Long-term controlled experiments examining soil moisture dynamics and a meta-analysis of the results are useful for elucidating and quantifying the soil moisture-plant interactions. Soil moisture models are important tools for predicting changes in soil moisture-plant interactions. Simplifying descriptions of each process in models is important; moreover, optimality-based models can provide novel insights that would allow prediction of plant responses to changes in soil moisture dynamics due to environment fluctuations.
Introduction
The relationship between hydrology and ecosystems is a key aspect of ecohydrology (Kundzewicz 2002; Porporato and Rodriguez-Iturbe 2002; Rodriguez-Iturbe 2000; Daly and Porporato 2005) . Understanding how plants and soil moisture interact to control water and carbon exchange between land and atmosphere is of broad interest. Soil moisture affects plant growth directly by controlling the availability of resources and is an important component of the hydrological cycle, especially in dryland ecosystems (D'Odorico et al. 2010) . The status and distribution of soil moisture directly affect ecohydrological processes in the soil-plant-atmosphere system, while soil moisture is affected by plant and atmospheric variables and is a vital source of water for plant growth, influencing plant distribution and the composition and structure of plant communities (Asbjornsen et al. 2011) . Plants serve as a conduit for returning soil moisture to the atmosphere, thereby contributing to hydrological fluxes of terrestrial-atmospheric systems, while water movement from precipitation to soil is regulated by plants through processes such as interception, evapotranspiration and throughfall. Therefore, characterising soil moisture-plant interactions is an important objective in ecohydrology.
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As a critical and complex variable in the soil-plant-atmosphere system, soil moisture synthesises the interaction between soil, plant and climate (Rodríguez-Iturbe and Porporato 2004) , thus elucidating soil moisture dynamics can allow quantification of key hydrological and ecological processes. Soil moisture-plant interactions including feedback mechanisms have received much attention in recent years (D'Odorico et al. 2007; Guswa et al. 2002; Seneviratne et al. 2010) . The decreasing trend of global water supply and quality (UNESCO 2009 ) and land use change have been the major challenges that ecohydrology needs to cope with (Asbjornsen et al. 2011) . Understanding how terrestrial ecosystem responses to these environmental pressures is extremely important for global sustainability, which is quite difficult as complex, dynamic interactions exist among multiple trophic levels and ecosystem functions (Maestre et al. 2016) . Focusing on understanding soil moisture-plant interactions is the key step in unravelling these issues, while modelling soil moisture dynamics is helpful for long-term ecosystem forecasting and for managing the effects of environment change. In this review, we discuss advances in our understanding of soil moisture-plant interactions and highlight different approaches used to model soil moisture-plant interactions.
Soil moisture-plant interactions
Soil moisture-plant interactions are the central theme in ecohydrology, as hydrological cycle and vegetation are the major issues discussed in the climate, hydrologic and ecological communities (Rodríguez-Iturbe and Porporato 2004) . Soil moisture directly affects plant establishment and growth, leaf phenology and competitive interactions and succession processes (Asbjornsen et al. 2011) ; meanwhile, vegetation types and structure and community composition cause temporal and spatial variations in soil moisture. The strong effects exerted by plants on ecohydrological processes and the coupling of and mutual feedback between soil moisture and plants make soil moisture-plant interactions difficult to study.
Effects of plants on soil moisture
Plants play an important role in the water cycle since they influence soil moisture heterogeneity and complexity over time and space (Fig. 1) , which alters the hydrological cycle in many aspects. Soil moisture is affected by changes in rainfall partitioning by plant canopies that regulate water input to the soil. Rainfall partitioning is determined by biotic (e.g. species composition, forest age and stand growth) and abiotic (e.g. elevation, seasonality and storm events) factors (Hewlett 1982; Frost 2003, 2006) . The rainfall intercepted by plant canopies can evaporate and become throughfall and stemflow that replenish soil moisture (Durocher 1990 ). The proportion of gross rainfall that becomes throughfall and stemflow is as high as 70-90% (Carlyle-Moses and Price 1999; Muoghalu and Oakhumen 2000; Levia and Frost 2003; Carlylemoses 2004; ŠRaj et al. 2008) , with the former accounting for the largest fraction. The drop size distribution of throughfall-which is determined by plant surface, canopy structure and meteorological conditions-can alter the spatial pattern of soil moisture (Levia et al. 2017 ). Compared to throughfall, stemflow inputs to soil are more concentrated and show higher variability (Durocher 1990; Návar and Bryan 1990; Levia and Frost 2003) . Stemflow input at the Neitsch et al. (2011)) base of selected trees can be 30-40 times greater than that of throughfall (Durocher 1990; Levia and Frost 2003) . The preferential flow paths through live and recently deceased roots created by plants can concentrate water from precipitation to the base of trees via stemflow (Ludwig et al. 2005) ; thus, stemflow-root channelisation enhances infiltration and increases soil moisture. The percentage of precipitation channelled as stemflow through vertical branches can be as high as 40% for mulga, leading to the local redistribution of moisture from bare land to underneath the trees (Cleverly et al. 2016) . The connectivity of water flow in the profile is affected by plants, resulting in spatiotemporal variations of soil moisture (Bartos and Campbell 1998; Asbjornsen et al. 2011) . Yuan et al. (2016) showed that leaf and branch traits affect stemflow and that a favourable branch architecture can increase stemflow efficiency. In addition, hydraulic redistribution by plant roots affects soil moisture dynamics; moisture can be transported by roots across potential water gradients through hydraulic redistribution (Hultine et al. 2003; Neumann and Cardon 2012) , which provides moisture for shallow roots during periods of drought (Cleverly et al. 2016) . On the other hand, evapotranspiration can consume soil moisture, and soil water in the profile can be depleted through root water uptake. In general, the extraction of soil moisture by plants is dependent of phenological stage, stomatal resistance, plant density and transpiration rates (Avissar 1989; Pielke 2001; Lyons 2002; Narisma and Pitman 2003; Barlage and Zeng 2004; Mahmood and Hubbard 2004; Mcpherson 2007; Legates et al. 2011 ). The regional difference for plants effects on soil moisture should be meta-analysed and specified. Current studies mainly explored the effects of plant morphological characteristics on soil moisture, and the plant functional trait should be focused in the further study.
Effects of soil moisture on ecohydrological processes
Exploring plant responses and adaptions to soil moisture dynamics is important in water-limited areas and can clarify soil-plant interactions and plant performance under the increasingly frequent periods of drought resulting from climate change (Sheffield and Wood 2008) . Ludwig et al. (2005) proposed a trigger-transfer-reserve-pulse framework to explain vegetation patches in semiarid landscapes and concluded that plant growth is directly induced by the amount of soil moisture stored in the soil layer. Plant physiological processes response directly to water stress. Studies have tended to explore the threshold values of soil water available during the water stress to identify the divergence points of the relevant physiological processes, such as transpiration, stomatal conductance, leaf turgor pressure, leaf and stem expansion and leaf water potential (Sadras and Milroy 1996; Wopereis et al. 1996; Davatgar et al. 2009; Dasgupta et al. 2015) . Tobin and Kulmatiski (2018) found that the moisture content of shallow soil is a primary driver of stomatal conductance in savannahs and affects gas exchange between plants and the atmosphere. A study on the relationship between stomatal conductance and soil moisture revealed a threshold-like dependence of evapotranspiration on soil moisture . Soil moisture before and in the early part of the growing season plays an important role in canopy transpiration by causing variations in plant development and growth (Dong et al. 2011; Mackay et al. 2012) . Jiao et al. (2016) confirmed that the soil moisture content at the beginning of the growing season had great impacts on LAI, which further affected the canopy transpiration of black locust (Robinia pseudoacacia) in the Loess Plateau. Under conditions of low soil moisture and high stomatal conductance, assimilation and transpiration rates of plants decline to prevent a reduction in leaf water potential and tissue damage due to cavitation (Farquhar 1991; McDowell et al. 2008; Sperry and Love 2015; Stocker et al. 2018) . A global study revealed that soil moisture loss alone can reduce gross primary productivity by up to 40% at sites in sub-humid, semi-arid and arid regions (Stocker et al. 2018) . Identifying these threshold values of soil moisture for different physiological processes is beneficial to quantitatively characterise the plant-soil moisture relationships, while these thresholds would vary with variations in soils and atmospheric conditions (Dasgupta et al. 2015) . Soil water potential would be a better indicator as the soil water uptake processes are determined by the difference between soil water potential and root water potential (Dasgupta et al. 2015) . In addition, soil moisture affects plant nitrogen availability, mineralisation and inorganic nitrogen uptake ). Higher nitrogen availability can reduce unproductive water loss in plants through a stomatal control mechanism (Brueck 2008; Wang et al. 2017 ). Maestre et al. (2012) revealed that soil sand content were negatively related to ecosystem multifunctionality (e.g. carbon storage, productivity and nutrient pool build up) and then speculated that soil moisture could be an important regulator of multiple ecosystem functions as soil moisture was strongly determined by soil texture and temperature. Soil characteristics alter the distribution and duration of water stored in the soil (Fernandez-Illescas et al. 2001) ; thus, the effects of soil moisture on plant distribution and other ecohydrological processes are also affected by soil texture. For the same type of vegetation, it might exist preferentially on coarse soils with insufficient rainfall, while it might also exist preferentially on finer soils with sufficient rainfall (Noy-Meir 1973; FernandezIllescas et al. 2001) .
In addition to vertical direction, soil water lateral flow would promote the spatial patterns of vegetation patches in water-limited regions. There are two positive feedbacks in the vegetation pattern formation, which are (a) vegetationinduced surface water infiltration increasing and (b) soil water lift from deep soils by plants' root (Gilad et al. 2004) . Then, plant extracting soil water from the intercanopy areas (Martens et al. 1997; Lejeune et al. 2004 ) and plant competition for soil water result in the formation of vegetation pattern (Gilad et al. 2004) . While the lateral soil water exchange induced by small local differences in elevation or infiltration rate could help vegetation to persist low rainfall rates at coarse spatial scales, partial loss of plant cover would also exist at finer spatial scales (Koppe and Rietkerk 2004) . The scaledependent interactions between soil water lateral flow and plants lead to the spatial patterns of vegetation patches.
Soil moisture dynamics and related ecohydrological processes in the root zone are critical for plants due to their effects on nutrient transport, photosynthesis, chemical reactions, stomatal opening, hormone transport and cell turgor (RodriguezIturbe et al. 2001; Ehlers and Goss 2003; Vereecken et al. 2018) , all of which affect plant structure and growth, distribution and community composition. Identifying the threshold of soil moisture for plant physiological processes in current studies mainly focused on single physiological process, and few studies explored the effects of soil moisture on these associative physiological processes. Furthermore, the spatial characteristics of these threshold values should also be summarised.
Coupling of soil-plant systems
Soil-plant systems comprise complex interactions between soil, plants and atmospheric factors; understanding their mutual feedback and coupling can allow the quantification of plant responses to environmental changes.
Soil-plant systems are modulated by the effects of soil moisture on evapotranspiration. Plant transpiration is an important aspect of evapotranspiration; evaporative exchange between plants and the atmosphere is regulated by canopy conductance, which is determined by environmental factors such as vapour pressure deficit (VPD) in the atmosphere, soil moisture content and radiation (Meinzer et al. 1997; Kumagai et al. 2004; Garcíasantos et al. 2009 ). The coupling of soil moisture to temperature and precipitation has been investigated in detail (Seneviratne et al. 2010) . When soil moisture decreases, evapotranspiration also declines, resulting in an increase in sensible heat flux and air temperature. The consequent increase in VPD leads to enhanced evapotranspiration and a reduction in soil moisture if other climatic variables remain unchanged. However, an increase in evapotranspiration potential may not decrease soil moisture if the plant reduces evapotranspiration in response to increased VPD (Seneviratne et al. 2010; Stocker et al. 2018) . When soil moisture decreases to a very low level (e.g. below the wilting point), plant stomata will close and VPD is uncoupled from soil moisture content Stocker et al. 2018) . As soil moisture levels increase, evapotranspiration also increases, resulting in low temperature and high humidity and a decrease in VPD Zandalinas et al. 2018) , which collectively mitigate the increase in soil moisture. When soil moisture content is relatively high (e.g. above the point of incipient stomatal closure), evapotranspiration and VPD are uncoupled from soil moisture (Stocker et al. 2018 ). Thus, soil moisture, evapotranspiration and VPD are coupled when soil moisture levels are inadequate. When the soil changes from very dry to wet, the relationships among these three variables change accordingly and exhibit different coupling characteristics (Fig. 2) . Soil moisture constrains evapotranspiration in transitional soil regimes and provides feedback to atmospheric factors (Seneviratne et al. 2010) . It is therefore necessary to identify transitional regimes so that relationships among soil moisture, evapotranspiration and atmospheric factors can be quantified, as in previous studies of evapotranspiration threshold responses to VPD (Ghimire et al. 2014; Jiao et al. 2016) .
Soil moisture-plant interactions are more obvious in waterlimited regions where soil moisture is the limiting factor. Recent studies (e.g. García-Santos et al. 2009; Ghimire et al. 2014; Jiao et al. 2016 ) have investigated the effects of specific plant species on the water cycle but over short time scales, such that the results were not always consistent and did not reveal a time dependence. Examining changes in soil moisture in heterogeneous landscapes and different climatic zones is an important question for future research. In addition, more detailed studies of the mechanisms underlying plant responses to soil moisture dynamics are needed. These would involve controlled experiments in which physiological processes are monitored. As for the coupling of soil moisture and plants, the soil Fig. 2 Coupling of soil moisture, evapotranspiration, and VPD (modified from Seneviratne et al. (2010) and Stocker et al. (2018) ) (a); arrows indicate the direction of the processes, and plus and minus signs indicate positive and negative feedback, respectively. Variation in evapotranspiration with changes in soil moisture content (b); EF evaporative fraction, EF max maximum evaporative fraction, θ WILT wilting point, and θ CRIT , soil moisture level above which the evaporative fraction is independent of soil moisture (adapted from Seneviratne et al. (2010)) moisture threshold at which coupling is affected must be specified and the relationships among variables quantified under different soil moisture conditions. Climate change also presents a challenge for ecohydrology research since heat and drought stress can drastically alter soil moisture-plant interactions (Zandalinas et al. 2018) . Gerten et al. (2007) revealed soil moisture would decrease in many regions at global scale up to 2100. Regional studies were also conducted to detect soil moisture future change with regional climate scenarios (Naden and Watts 2001; Jasper et al. 2006; Holsten et al. 2009 ), in which soil moisture change revealed great regional variations. Understanding future soil moisture dynamics and its ecohydrological effects would be critical in coping with climate change, and modelling approaches of soil moisture are effective in predicting its future trends, while understanding soil moisture-plant interactions and the relevant ecohydrological processes are key steps in building and applying these model approaches.
Modelling approaches for soil moisture dynamics
The coupling relationships of the atmospheric and soil-plant systems involve complicated physical, chemical and biological processes (Bonan 2002; Verma et al. 2011) . Modelling soil moisture dynamics could synthesise the effect of soil, plant and climate on the soil water balance, which could also further explain the implications of such a balance on plant water stress and water use (Verma et al. 2011) . The major soil moisture modelling approaches involving these above processes could be divided into biophysical process-based models, physical process-based models. In addition to the models built on specific interpretations of relevant processes, statistical methods are also applied in regions where parameters of processesbased models are difficult to obtain. Thus, the biophysical process-based models, physical process-based models and statistical methods were reviewed.
Biophysical process-based models
Biophysical process-based models are founded on laws governing water-heat-solute transfer in unsaturated zones and theories of water and heat transfer in the soil-plant-atmosphere continuum (SPAC). Many such models include modules for soil water balance calculations (Cáceres et al. 2015) such as the Water Atmosphere Vegetation Energy and Solutes (WAVES) (Zhang et al. 1996) and BIOME-BGC models. The former simulates ecohydrological processes in the SPAC such as canopy interception, rainfall infiltration, soil evaporation, canopy transpiration, surface runoff, drainage, changes in groundwater levels, surface energy balance, carbon balance and plant growth. In this model, the partitioning of energy is estimated based on Beer's law, canopy transpiration and soil water movement; water balance is estimated by the Bbig leafP enman-Monteith approach and Richards equation; and integrated rate methodology is used to estimate plant growth (Zhang et al. 1996) . Given its biophysical basis, the WAVES model can be employed to investigate the effects of SPAC interactions on soil moisture dynamics; previous studies have applied the model to the study of the effects of vegetation and climate change on soil moisture availability in catchments (Cheng et al. 2014; Tian et al. 2017) . Soil moisture, groundwater recharge and evapotranspiration interactions as described by the WAVES model have been successfully tested against field observation in China and Australia (Salama et al. 1999; Wang et al. 2001; Crosbie et al. 2010; Cheng et al. 2014; Tian et al. 2017) . Generally speaking, biophysical processbased models are complex because they encompass water, carbon and nitrogen cycles in which there are many variables that require characterisation (Huang et al. 2017) . Although the reliability of these models has been evaluated in various regions, the accuracy of soil moisture estimates is largely dependent on biophysical parameters and the spatiotemporal nature of input data (Elshorbagy and Parasuraman 2008); these are usually site-specific and thus preclude the application of such models to data-sparse regions or large-scale investigations. Thus, specialised water balance models with few parameters are receiving more attention, whereby soil water movement is calculated with simplified modules of plant growth based on daily meteorological data (Sawano et al. 2015; Huang et al. 2017 ).
Physical process-based model
In physical process-based models, soil is considered as a reservoir for moisture from which water is deterministically depleted via evapotranspiration, runoff and leakage and into water is introduced stochastically from rainfall (Verma et al. 2011) . Rainfall shows high spatiotemporal variability, which can be characterised by empirical equations. Complex nonlinear relationships among climate, soil and plant and soil moisture dynamics are related to physical processes with many variables (e.g. rainfall and soil heterogeneity); thus, stochastic properties are deemed as essential attributes of soil moisture dynamics (Rodriguez-Iturbe et al. 1991; Entekhabi and Rodriguez-Iturbe 1994; Rodriguez-Iturbe et al. 1999; Liu and Zhao 2006) . Probabilistic soil moisture models could characterise the physical processes in the soil reservoir more accurately. Hydrologists and meteorologists have developed stochastic approaches to characterising rainfall, and stochastic soil moisture models have been established to simulate the effects of rainfall on soil moisture and ecosystem structure and functions (Zou et al. 2016) .
The integration of stochastic rainfall processes and deterministic evaporation functions provides the basis for stochastic soil moisture models (Pan et al. 2008) . Eagleson (1978e) introduced a probabilistic method to calculate the randomness of rainfall events, in which rainfall is represented by Poisson and Gamma probability distributions. Probabilistic methods were applied to calculate soil moisture probability density in stochastic soil moisture models-including those of Milly (1993 Milly ( , 1994 Milly ( , 2001 ), Porporato et al. (2004) , RodriguezIturbe et al. (1999) and Laio et al. (2001) -that differ in terms of the description of soil water loss (e.g. evapotranspiration and percolation). The Milly model omits the relationship between evapotranspiration and soil moisture (Pan et al. 2008) and comprises an asymptotic distribution of soil moisture, evaporation and runoff; therefore, it does not reflect the soil moisture-plant interaction. Porporato et al. (2004) improved the Milly model by assuming that evapotranspiration decreases linearly with soil moisture and then linking soil moisture dynamics and plant water stress with carbon assimilation. Their simplified framework was used to evaluate the effects of rainfall variations on plant carbon assimilation. Rodríguez-Iturbe and Porporato (2004) made further improvements by establishing the non-linear functions of soil moisture and evapotranspiration and incorporating percolation into the soil water balance components. The model of Rodríguez and Laio (Rodriguez-Iturbe et al. 2001; Laio et al. 2001) can assess the effects of climate, soil and vegetation on the soil moisture probability density function and long-term average water balance. Compared to other soil moisture models, stochastic soil moisture models are more effective for characterising ecohydrological processes from fewer variables and parameters, yielding a more concise model structure.
Statistical methods
Statistical approaches have been widely used for data-driven soil moisture dynamics modelling. It is relatively easy to combine statistical methods with other parameters, and these models are more applicable to some regions. Common statistical models include artificial neural network (ANN) and multiple linear regression. The ANN model has been applied to hydrological modelling of rainfall runoff and streamflow forecasting and has more recently been used to estimate surface soil moisture from spectral images. The model comprises three layers-namely, input, hidden and output neurons. A key step for ANN modelling is selecting appropriate input variables that are highly correlated with soil moisture (Jiang and Cotton 2004) such as infrared skin temperature, normalised difference vegetation index, infrared heating rate and antecedent precipitation index (Wetzel and Woodward 1987; Hassanesfahani et al. 2015) . It can then extract the maximum information based on the measured independent variables. Hassanesfahani et al. (2015) selected the visual spectrum (red, green and blue), near-infrared, remotely sensed thermal data, vegetation indices and field capacity as input variables for the ANN model and obtained acceptable estimates of surface soil moisture (a coefficient of determination of 0.77 and coefficient of performance of 0.75). Elshorbagy and Parasuraman (2008) modelled depth-averaged soil moisture content with a higher-order neural network model in which precipitation, air temperature, net radiation and ground temperature were selected as independent variables. Their results showed that the ANN model performed better than a previously developed conceptual model. Statistical methods for modelling soil moisture are data-driven and can model soil moisture in historical periods as long as data records for input are available. Furthermore, statistical methods are suitable for soil moisture upscaling based on remote sensing imagery. On the other hand, it can be difficult to predict soil moisture dynamics under changing environmental conditions with the statistical method since it lacks physical interpretations of relevant ecohydrological process.
New trends in model development
A combination of the soil moisture and plant growth models may be useful for examining the interactions between water cycle and vegetation dynamics. Optimality-based models have recently been employed; these are based on the principle that vegetation can optimally adapt to its environment (Eagleson 1978a , b, c, d, e, f, g, Eagleson 1982 and provide a novel framework for investigating the interactions between vegetation dynamics and water balance (Schymanski et al. 2009 ). Franz et al. (2010) suggested that the optimal state is achieved by maximising water use and simultaneously minimising water stress and proposed an analytical framework based on a previous stochastic soil moisture model. On the other hand, Schymanski (2009) defined the optimal state as one that maximises the net carbon profit under a given set of environmental conditions. Optimality-based models impose constraints on the net primary production (NPP) of ecosystems and associated use of resources (including water); transpiration is constrained by the close coupling between NPP and transpiration (Raupach 2005) . On the other hand, transpiration is mainly related to the loss of soil moisture. Thus, soil moisture dynamics can be predicted based on soil water balance. Zhang et al. (2018) modelled the equilibrium vegetation cover over the Loess Plateau with a model based on ecohydrological optimality theory and predicted a decreasing trend for equilibrium soil moisture and vegetation cover in the future (i.e. 2011-2050) . Optimality-based models can identify key ecohydrological processes that determine vegetation/plant state, thereby simplifying the framework for characterising soil moisture-plant interactions. In contrast to other models, those that are optimality-based do not rely on prior knowledge of the vegetation at a particular site (Schymanski et al. 2009) and are more suitable for data-sparse environments.
In summary, process-based models were established based on detailed descriptions of ecohydrological processes; thus, advances in our understanding of soil moisture-plant interactions can be helpful for model development. Optimality-based models provide a novel approach to soil moisture modelling by focusing on important ecohydrological processes in soil moisture-plant interactions. These models were mainly generated from knowledge of ecosystem evolution with the environment, and more detailed observations of ecohydrological flux are needed to validate optimality-based models. On the other hand, the statistical method for modelling soil moisture is mainly driven by data, and the number of observations for related variables is important for model development and large-scale soil moisture mapping.
Conclusions
In this review, we discussed advances in our understanding of soil moisture-plant interactions and the modelling approaches that are used in their investigation. Soil moisture-plant interactions are complex, and additional data on water balance are needed in order to quantify the effects of plants on soil moisture dynamics, with controlled experiments to evaluate ecohydrological effects of soil moisture and meta-analysis of data to define the threshold of soil moisture in feedback processes of soil-plant systems across various climatic zones. Soil moisture models are useful for investigating soil moisture-plant interactions. Process-based models are largely dependent on descriptions of ecohydrological processes and related observations and would benefit from simplification. Finally, optimality-based approaches require an understanding of ecosystem evolution with the environment rather than prior knowledge and represent a promising new direction in soil moisture modelling. The threat posed by climate change to terrestrial ecosystems lends new urgency to the characterisation of soil moisture-plant interactions under different conditions. 
